Abstract-In this paper we present the deployment algorithm for femtocells in capacity-limited scenario. We consider the operator-deployed femtocells that extend outdoor coverage to the areas that are poorly served by the existing macro-cellular network. To satisfy the interests of WSP and customers we propose an automated tool that carefully plans the femtodeployment.
I. INTRODUCTION
The next-generation wireless cellular network is supposed to have multi-tiered structure: high layer of macrocells and low layer of femtocells. A macrocell provides wide radio coverage served by powerful cellular base station. In a highly-populated area when macro base stations are loaded to the maximum capacity the macro-serves becomes inefficient. To extend the coverage to the areas that suffer from the lack of service the femtocell technology is applied.
Femtocells are lower-powered, small size cellular base stations, that provide wireless service to a cellular user within its range. Femtocells connect standard mobile devices to a mobile operator's network using residential DSL, cable broadband connections, optical fibers or wireless last-mile technologies [1] . The short distance between a user and a femto base station allows cellular network to sustain very high data rate as the link remains robust. Femtocell technology is attractive for operators as it allows not only to increase the overall system capacity but also decrease the cost infrastructure under certain conditions. For this purpose a tool that automatically plans a position of femtocells is needed.
There have been reported several works that consider the network planning. The paper [2] introduces the optimal positioning of base stations for cellular radio network. This paper optimally chooses base station configuration from the set of possible variants with optimal quality of service, minimized interference or number of blocked channels. Each of suboptimal problems is solved by linear programming and in the case of fault the authors apply annealing for approximation. Another work [3] is about antenna placement problem which includes location and configuration of network infrastructure. This research work is based on the previously proposed algorithm for planing of the network. The authors improved the existing algorithm: PAM and M-PAM, and proposed Clustering with Weighted Node-Partitioning Around Medoids(CWN-PAM). The operational cost analysis for macro-femto cellular network was highlighted in [4] . The authors proposed the cost model which determines the feasibility of femto-deployment in capacity-limited scenario.
In this paper we investigate the deployment strategy for femtocells in capacity-limited scenario and evaluate the financial validity of femto-deployment for WSP. In our work we consider operator-deployed femtocells within one single macrocell. We propose a femto-deployment algorithm to satisfy the current traffic demand of the multi-tiered network and not to exceed the predefined budget constraint for WSP.
The rest of the paper is organized as follows. In section II we formulate the problem and continue it with the model of spatial traffic distribution in wireless network. Then section III describes deployment and comparative algorithms for femtocells. Section IV represents a cost analysis for multi-tiered cellular network. We analyze the performance of the proposed deployment algorithm in section V. The paper is concluded in section VI.
II. TRAFFIC DISTRIBUTION Traffic distribution gives the detailed information about demands in overall network and determines the deployment strategy. For our problem we apply the model of spatial traffic distribution that includes mobility of users [5] . According to the above-mentioned model we divide macrocell coverage into N small subregions. Each subregion is considered as an independent service node and each user as a customer. It is assumed that number of all users is constant, but a user can move to the six nearest subregions in the macrocell. For user distribution we make a strict assumption that the number of users in the considering subregion remains the same. Whenever one user leaves the considering subregion other user arrives at this subregion. Arrival and departure processes at boundary and inner subregions differ from each other. One of the parameters that significantly influences on the arrival rate is routing probability. We identify two different areas in macro coverage with homogeneous and inhomogeneous routing probabilities. For homogeneous areas routing probability to move from the given subregion to six nearest subregions is equal to 1/6. The areas with non-uniform routing probability we call "hotspots". The subregions that are covered by "hotspot" and all adjoining subregions have unequal routing probability. For the hotspot subregion one subregion is randomly chosen among all nearest subregions and it becomes a preferable direction with the highest probability. The other subregions will have smaller probabilities respectively. Calculating arrival and service rates in each subregion we obtain traffic distribution map in the macro coverage and proceed to the deployment algorithm.
III. DEPLOYMENT ALGORITHMS
The proposed algorithm consists of four blocks: heuristic level devision of traffic intensity, clustering algorithm, combination algorithm and femtocell positioning.
A. Heuristic level division
In the first block we consider the traffic intensity in overall network and prescribe the traffic intensity in each subregion to a special group. We define three groups of traffic intensity: low, middle and high. To do so, we calculate the low and upper boundaries for traffic intensity. All subregions with traffic intensities that are below the low boundary are assigned to the low traffic intensity group. The subregions with traffic intensities that are between low and upper boundaries are denoted as subregions with middle traffic intensities. And the residual subregions will be with high traffic intensity.
where ρ is the vector of traffic intensity of all subregions, ρ low is the low boundary of traffic intensity, ρ high is the middle boundary of traffic intensity. The amount of subregions with low traffic intensities we regulate by the coefficient for low boundary of traffic intensities l low . And the high traffic intensities we limit by the coefficient for upper boundary of traffic intensities l upper .
For sake of simplicity we make the following numerical association for levels of traffic intensity: "0" is for middle traffic intensity, "1" is for low traffic intensity and "2" is for high traffic intensity.
The next step of the deployment algorithm is clustering. For our purpose we apply k-means algorithm, which unites N subregions into k clusters. The number of clusters we define in advance. We apply k-means clustering algorithm to decrease the computational complexity on the further step by separation of multiple task into several small ones.
B. Combinational algorithm
The combination algorithm works with elements of clusters that are gained on the previous step. For each element of cluster, in other words for each subregion, we search for combination that gives the best position of femtocell.
For placement of femtocells we use three criteria: distance, level of traffic intensity and number of users in the particular subregion. Distance criterion means that we consider only nearest subregions around the concrete subregion. In ideal case there are six nearest points for each of subregion, but in reality, subregions that are close to boundary of a cluster has less nearest candidates for combination. Therefore before searching for a combination we check how many nearest subregions the subregion has.
After we find all nearest subregions we check the status of level for each of these candidates; this employs criterion of levels for traffic intensity. Depending on what kind of status of level the considering subregion has we determine which combination is the best.
If the level of traffic intensity is identified as "1", the procedure searches the following possible combinations: "101" or "10" or "110" or "1111". If the level of traffic intensity is identified as "0", the procedure searches the possible combinations: "00" or "011" or "01". The above-mentioned combinations are listed in descending order according to preference to be united. The first number in these combinations indicates the level of traffic intensity of the considering subregion, the other subsequent numbers correspond to the levels of traffic intensity for the nearest subregions, that are included in the combination. The combination which is denoted by two numbers joins two subregions, combination identified by three and four numbers units three and four subregions accordingly.
The criterion of number of users implies checking of the sum of users in each found combination. We define two constrains: minimal number of users that a femtocell serves fth low and maximum number of users that a femtocell can support fth high . The first comes from operators' point of view, we place a femtocell when there is specific amount of users. This allows operators to guarantee that resources of femtocell will not be wasted. The algorithm chooses the combination that supports bigger number of users and does not exceed the maximum supported femto-users: fth low ≤ U combined ≤ fth high . So the number of united users in the combination is limited by two boundaries.
C. Femtocell positioning
So, each subregion has its own combination for placement of femtocell. If the combination includes two subregions femtocell is deployed in the middle distance between two united subregions. If the combination consists of three subregions 
D. Comparative algorithms
In order to evaluate the performance of the proposed deployment algorithm(PDA) we suggest two simple deployment algorithms: simple deployment algorithm 1(SDA1) and simple deployment algorithm 2(SDA2). Both of these algorithms do not use the combination strategy and just place femtocell in the center of subregion.
The SDA1 algorithm looks for subregions with traffic intensities that are bigger then average value of traffic intensity ρ mean in macrocell and deploy the femtocells in the center of subregion. The SDA2 algorithm works in similar way as SDA1 but it also take into account the subregions where number of users in the considering subregion is more then 1.
IV. COST ANALYSIS
The aim of our investigation is the femto-deployment which satisfies the current traffic demand in the capacity-limited scenario and not oversteps the budget constraint:
where C total deployment is the cost of total deployment for femtocells, C investment is the cost of investment for the deployment, U supported is the number of supported users and M is the number of all users in the network.
We define the investment cost as:
where C f emto is the cost of one femtocell and E f emto is a set of candidates for femto-deployment. The number of femtocells that WSP is ready to invest is defined as:
where n i is the number of users at subregion i, ρ i is the traffic intensity at subregion i, ρ mean is an average value for the vector of traffic intensity ρ.
Further we are able to get the cost of total deployment:
where N f emto is the number of femtocells that are obtained by a deployment algorithm.
In order to calculate the cost of femtocells we use the cost model that was proposed in [6] . The cost model of network includes CAPEX and OPEX expenses. Our network consists of macro and femto-layers so we take into account cost of both: macro and femtocells.
To estimate the performance of the deployment algorithms we define three parameters: the cost difference ΔCost, the annual payback Y payback and the first update of the deployment T update . The cost difference is calculated as follows:
We use payback terminology in order to estimate how long does it take to receive the repayment after the investment.
where E annual is the earning that operator makes per year and C macro OP EX is the OPEX cost of macrocell. For the calculation of the annual earning we assume: 1) femtocells are completely deployed by operators, so the equipment is free for customers; 2) customers have a free choice between macro and femto service; 3) even macro service is cheaper customers prefer femto service; 4) customers pay only a monthly fee.
where ARP U f emto is the ARPU of femto-users per month, ARP U macro is the ARPU of macro-users per month and U f emto is the number of femto-users. The first update of the deployment depends on the growth of user population. We define the growth of user population as:
where γ (t) is the percentage of the growth of user population which changes during a period t. The first update period is:
The number of supported users is calculated as:
where U macro is the number of macro-users.
V. PERFORMANCE EVALUATION We evaluate the performance of the proposed deployment algorithm by computer simulations. We consider a single macro base station with 1 km radius, subregions with 20 m radius and 3000 users' population. For traffic distribution we use the parameters that are presented in Table I , where λ n (λ h ) is the new(handoff) call arrival rate, λ n /λ h is the arrival rate ratio, μ c is the departure rate due to expiry of service duration time, μ d is the departure rate due to mobility form one subregion to other, α is the initial arrival rate in all subregions, p n (p h ) is the spatial statistical pattern for new and handoff active users and N h is the number of "hotspots". For the cost analysis we consider the parameters that are presented in Table II .
In compliance with segmentation principle the macrocell coverage is divided into 2437 subregions. Fig. 3 depicts traffic intensity map in the macrocell with homogeneous and inhomogeneous areas. The received traffic intensity map shows Fig. 3 : Traffic intensity map that the traffic intensity in "hotspot-areas" is characterized by a heterogeneity and it varies from 0.07 to 0.33.
To obtain the deployment which satisfies the both conditions we vary low boundary for traffic intensity l low in the range [1/3, 2/3] with the step 10 2 and minimal number of users in subregion supported by one femtocell fth low from 1 to 4 users. The minimal l low with value of 0.5733 and maximal fth low with value of 4 users are chosen for the entire deployment simulation.
For these parameters we run the proposed deployment algorithm, and gain the map of femto-deployment that is shown on Fig. 4 . The dash line depicts the macrocell covearge, Fig. 4 : Femto-deployment map for PDA algorithm gray stars denote centers of subregions and circles indicates the coverage of deployed femtocells. It is seen that femtocells mostly unite several subregions to be placed, and there are a few that are located exactly in the center of subregions. The subregions that are not covered by femtocells are served by macrocell. Fig. 5 presents the deployment of femtocells according to the SDA2 algorithm. The femtocell positioning is roughly planned and most of femtocells are deployed on the boundary and "hotspot-areas". Also, there are a lot of overlapping femtocells.
In order to compare the performance of all deployment algorithms we applied cost analysis. We evaluated each deployment strategy in terms of number of femtocells that algorithms deploy N f remto , number of all users that deployed femtocells can serve U f emto , number of all supported users U supported , maximal number of users that the deployed network can support U max and additional number of users that the network can support after deployment U supplementary . The comparison of PDA, SDA1 and SDA2 algorithms in terms of femtocells and users is performed on Fig. 6 . The proposed algorithm PDA deploys 527 femtocells in macrocell, it is the smallest number of deployed femtocells among three algorithms. The SDA1 algorithm installs 580 femtocells and the SDA2 algorithm requires 980 femtocells. For the PDA number of femto-users that it can support is equal to 2496, for SDA1 is only 724 and for SDA2 is 1517. The PDA wisely deploys femtocells so that resources of femtocells are not wasted. Even number of deployed femtocells for SDA1 is bigger then PDA, number of femto-users that are served is less then for PDA. The number of femto-users for SDA2 is bigger then for SDA1 but it is still less then for PDA in spite of the fact the SDA2 deploys the biggest number of femtocells among two others. As a result only the PDA algorithm supports the original number of users in the network. After the PDA deployment the network can serve 3008 users, for SDA1 and SDA2 number of served users are 1236 and 2029 respectively. The last characteristics: U max and U supplementary show how the deployed network can be utilized. The maximum users that deployed network can served is maximal for SDA2, it is expecting result as it installs the biggest number of femto base stations. Even though potential U max is big, the network under SDA2 is wasteful according to the above discussion. Similar situation is applicable for SDA1. The U supplementary gives knowledge about additional number of users that femtocells can serve. It is assumed that the coming users will likely receive service from femtocells. The biggest number of supplementary users corresponds to SDA2 algorithm and the smallest is for PDA due to the number of deployed femtocells. Fig.7 shows the network cost analysis for PDA, SDA1 and SDA2 algorithms. As the cost of network proportional to number of deploying femtocells, the cost network C network cost for PDA is the smallest and the cost network for SDA2 is the biggest. We deploy femtocells with the limited budget, and only PDA and SDA1 satisfy the financial constraint. Moreover, the PDA is more financially appealing for WSP. The SDA2 deployment overcomes the budget limitation and will not be excluded as a candidate for the future deployment strategy by WSP. The analysis of the annual payback period and the Fig. 8 . The payback for PDA is the shortest because femtocells are utilized cleverly and one femtocell deployed in PDA serves more users then the femtocell deployed by SDA1 or SDA2. The payback period for SDA1 and SDA2 takes more then one year. As the SDA1 and SDA2 do not give good positioning of femtocells the update is needed even in the first year after the deployment. These strategies will lead to the losses for WSP. In opposition to the SDA1 and SDA2 the PDA algorithm covers investment in the first year and the deployed femtocells with macrocell can serve growing user population during 5 years.
So the proposed deployment algorithm PDA acquits itself quite well as it is the most financially appealing. It wisely utilizes femtocell resources and allows WSPs to be sure that the network can support the rapidly growing population of users till they get profit back. For these reasons the PDA algorithm outperforms among three deployment algorithms and it will be likely applicable by WSPs.
VI. CONCLUSION
In this paper, we proposed the deployment algorithm for femtocells within the range of one macrocell. We considered the operator-deployed layer of femtocells that should satisfy the current traffic demand in the network and not to exceed the budget constraint for WSP after the deployment. In addition, we suggested two simple comparative deployment algorithms: SDA1 and SDA2. We analyzed the deployment algorithms in terms of number of supported users, number of deployed femtocells in the system and benefits for WSPs. Through simulation and cost analysis we showed that the proposed deployment algorithm PDA outperformed among two other suggested algorithms. So the proposed algorithm PDA will be likely applicable by WSPs for femto-deployment as it is attractive from financial point of view and accurate placement of femtocells.
